
Project Introduction

We have developed a carbon nanotube (CNT) sensor for water vapor detection
under Martian Conditions and the miniaturized electronics can be embedded in
the drill bit for collecting sensor data and transmitting it to a computer
wirelessly. This capability will enable the real time measurement of ice during
drilling. With this real time and in-situ measurement, subsurface ice detection
can be easy, fast, precise and low cost.

Current methods for sensing icy deposits on Mars or the moon include volume
hydrogen measurements in a 1m3 volume from a surface neutron
spectrometer, optical spectral measurements to identify water spectral lines,
or direct analysis of samples using mass spectroscopy. The latter two methods
require samples to be on the surface or fed into an instrument. The detection
limit of optical spectroscopy is ~1% water ice in a cuttings mixture. In
contrast CNT sensor's detection limit is 10-6 – 10-9 and the sensors are tiny
with significantly lower power usage compared to other instruments. The drill
mounted CNT sensor can also detect ice as it is encountered by the drill bit at
very low concentrations, obtaining fine scale information on the vertical
structure of the icy material. Potentially, CNT sensors combined with drilling
afford a new approach for detection and measurement of volatiles. With CIF
support in 2013, we started with CNT sensors that operate under Earth
conditions optimized to sense organic volatiles and developed a CNT sensor
capable of detecting water vapor, requiring special coatings applied to the
CNT.  We characterized the sensor performance under Mars pressure
(~6mbar) and temperature (-45oC) conditions, showing that it could detect
small quantities of water vapor introduced into its vicinity. We compared our
CNT sensor with commercially available RH sensors. The test results show that
commercial sensors do not work under vacuum conditions. So, our CNT
sensors exceed the performance of these commercial sensors for Martian
conditions.   We miniaturized the sensor, and constructed data acquisition and
wireless communication electronics to fit inside a drill string.  The wireless
communications allows us to transmit the CNT sensor signal from the borehole
without bringing wires through the rotating interface. We then constructed a
simulated borehole and drill string and tested sensor performance detecting
small quantities of water vapor under Martian conditions. The wireless
communication board can transmit the sensor data to a USB receiver plugged
into a computer for data streaming. The work remaining is to complete sensor
installation into a drill string and test it drilling into icy material in a Mars
environment, which requires a Mars chamber that requires use of unique Mars
drill testing facilities at Honeybee Robotics.  Possible applications of CNT
sensors for water detection include prospecting for buried ice on the Moon,
and characterizing feedstocks for ISRU on the moon or Mars.  An ISRU
demonstration proposal to the Mars 2020 rover has expressed interest.  CNT
borehole instruments that detect volatiles like methane should interest the
fuels industry.
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Anticipated Benefits

This technology will benefit for STMD on the planetary exploration - water
search on Mars and Moon.

The technology can be expanded for other volatiles detection on different
planets including earth, which will benefit for the Science Mission Directorate's
missions.

Primary U.S. Work Locations and Key Partners

Organizations
Performing Work

Role Type Location

Ames Research
Center(ARC)

Lead
Organization

NASA
Center

Moffett Field,
California

Primary U.S. Work Locations

California

Stories

1676 Approval #17536
(https://techport.nasa.gov/file/8750)

Organizational
Responsibility
Responsible Mission
Directorate:

Space Technology Mission
Directorate (STMD)

Lead Center / Facility:

Ames Research Center (ARC)

Responsible Program:

Center Innovation Fund: ARC
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Project Management
Program Director:

Michael R Lapointe

Program Manager:

Harry Partridge

Principal Investigator:

Jing Li

Co-Investigator:
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Technology Maturity
(TRL)

Applied
Research Development Demo & Test

Technology Areas
Primary:

TX07 Exploration Destination
Systems

TX07.1 In-Situ Resource
Utilization

TX07.1.1 Destination
Reconnaissance and
Resource Assessment
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